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PREFACE 

This report updates the information contained in the February 1975 
report "The Snake River Salmon and Steelhead Crisis: Its Relation to Dams 
and the National Energy Crisis0 (Collins et al. 1975). 
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INTRODUCTION 

Dams constructed on the Columbia and Snake Rivers in the past decade to 
provide hydroelectric energy have impounded most of the free-flowing sections 
of these rivers and created water conditions that in both high- and low-flow 
years are deadly to migrating salmon, Oncorhynchus spp., and steelhead, Salmo 
gairdneri (Exhibit 1). With high spills, the water becomes supersaturated 
with atmospheric gases to levels that are lethal to fish . In low-flow years, 
with no spill, an even more destructive situation develops in which all down
stream migrants must pass through turbines where many are killed outright, 
and others are injured or stunned and left vulnerable to intensive predation. 
Young migrants from the Salmon River (a tributary of the Snake River) must 
pass through eight large impoundments and over eight major dams to reach the 
sea. Even small losses or delays at P.ach dam become serious because of the 
large number of dams (Exhibit 2) . 

Exhibit 1. Location of main stem dams in the Columbia River Basin. 
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Exhibit 2. Consequences from a dam placed in the path of migrating juvenile 
and adult fish. 
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The rapid acceleration of powerhouse construction in the Columbia Basin 
in response to the national energy crisis means that very soon the disastrous 
"no spill" condition will occur with greater frequency and an even greater 
percentage of young migrants will pass through turbines. The time available 
to develop and refine solutions to fish passage problems has been severely 
shortened. Fortunately, our research has already pointed the way to several 
important practical steps to minimize salmon and steelhead losses due to 
dams. Several timely actions on corrective or protective measures by the 
U.S. Army Corps of Engineers (CofE) are contributing to solutions. 

THE RIVER AND THE GAUNTLET 

BONNEVILLE DAM JOHN DAY DAM 

THE DALLES DAM MCNARY DAM 
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TRENDS IN THE SNAKE RIVER SALMON AND STEELHEAD POPULATIONS 

A superficial examination of data on return of adult fish (Top panels, 
Exhibit 3) indicates there was no serious decline in chinook salmon, o. 
tshaWYtscha, and steelhead runs to the Snake River until 1974. However, in 
terms of adult return by year of outmigration as smelts (Bottom panels, 
Exhibit 3) the decline began in 1972. This is because the adult run of 
chinook salmon and steelhead migrating up the Columbia River each year con
sists of survivors from three separate years of juvenile downstream migrations; 
therefore, one very successful juvenile outmigration in any given year can 
result in that year class dominating the adult run for several years. Note, 
for example, the influence of the strong 1970 and 1971 chinook salmon migrant 
year classes on adult chinook salmon returns in 1972 and 1973 and, inversely, 
the effects of the 1972, 1973, and 1974 migrant year classes on adult chinook 
salmon returns in 1974, 1975, and 1976. These adult return data, in turn, 
provide only a partial perspective. In reality, the decline in productivity 
of Snake River populations of chinook salmon and steelhead started in 1970 
and around 1966, respectively, for these species. This happened even when 
increased smolt (juvenile fish migrating down to the ocean) production was 
taken into account. 

Exhibit 3. Estimated return of adult chinook salmon and steelhead to the 
Snake River, 1964-78. 
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Smolt production increased substantially starting in 1970 for chinook 
salmon while steelhead production began to increase around 1967 (Top panels, 
Exhibit 4). On this basis, the decline in adult fish returns should not have 
taken place. In fact, because of the increased smolt production, a greater 
number of adult fish should have resulted than shown in Exhibit 3. Increased 
smolt productions were negated by the alarming decline in smolt survival as 
measured between the uppermost dam and The Dalles/John Day Dams (Bottom panels, 
Exhibit 4). For both species, lowest survivals were recorded in 1973 and 1977 
when river flows were extremely low. Survivals were estimated at only 5% and 
4% in 1973, and 1% and less than 1% in 1977 for chinook salmon and steelhead 
smolts, respectively. 

Exhibit 4. Trends in outmtgy,tion of Snake River chinook salmon and steelhead 
smelts, 1964-78.-

CHINOOK STEELHEAD 

Smolt outmigration (count at uppermost dam) Smolt outmigration (count at uppermost dam I 

Smolt survival (between uppermost dam and The Calles Dam) Smoft survival (between uppermost dam and The Dalles Dam) 

64 66 68 70 72 74 76 78 80 64 66 68 70 72 74 

Vear 

1.1 On the basis of estimated smolt counts at the uppermost dam. Uppermost dams are: 
Ice Harbor. 1964 to 69 
Little Goose. 1970 to 74 
Lower Granite. 1975 to 78 

Source: Exhibit 6 • 

76 

These increased smolt ~roductionsthus masked the seriousness of the 
problem~the decline in productivity was taking place far earlier than indi
cated by adult fish returns only. The d2vastating, cumulative effects of 
dams and impoundments on survival of juvenile fish migrating downriver is the 
"Crisis" brought to attention in this and the earlier 1975 Report. 

78 BO 
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Another way of looking at the "Crisis" is by the trend in the ratio of 
adult fish return to smolt outmigration (Exhibit 5). Even with increased 
smolt production, the percentage return of adults declined at an alarming 
rate starting in 1970 for chinook salmon and in 1966 for steelhead. The drop 
in adult return percentages reflects primarily the losses of juveniles due to 
fish passage proble,1 in the Snake and lower Columbia Rivers and to adult 
fish losses at dam~ but not to ocean mortality, nor to increased fishing 
pressure in the ocean, nor even to the river gillnet fishery. 

Exhibit 5. Trends in returns of adult chinook salmon and steelhead as a 
percentage of smolt outmigration count at uppermost dam, 1964-75. 
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l/The loss of adult fish in the river (between Bonneville and Ice Harbor Dams) 
is estimated at up to 20% depending on species and on river flow conditions 
(Junge and Carnegie 1976; Young et al. 1978). Higher river flow resulted 
in greater adult fish losses. 
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If the declines in fish populations were due to increased fishing 
pressure in the ocean, then chinook salmon should be the only species showing 
a drop, since there is no significant harvest of steelhead in the ocean. If 
the declines were due to the river fishery, then it would have to be due to 
unreported catches since both sport and commercial fisheries are included in 
adult return calculations. Furthermore, a comparison of adult return percent
ages based on the uppermost dam to the percentages at The Dalles/John Day 
Dams attest to juvenile fish losses in the river as responsible for the decline 
in productivity. As shown by the last two columns in Exhibit 6, the percentage 
adult return based on smelt count at the uppermost dam declined; whereas, the 
corresponding percentage adult return based on smelt count at The Dalles/John 
Day Dams remained between 4.8 to 9.6% (exceptions being the high 13.5% for 
chinook salmon in 1970 and the lows for both species in 1974). 

To reiterate, running the gauntlet of dams and impoundments has resulted 
in high losses of juvenile fish and, in part, of adult fish. The primary 
causes of fish losses in the river are examined next. 

THE RIVER AND THE GAUNTLET 

ICE HARBOR DAM LITTLE GOOSE DAM 

LOWER MONUMENTAL DAM LOWER GRANITE DAM 
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Exhibit 6. Smolt migration and adult fish return--Snake River chinook salmon 
and steelhead, 1964-78. 

Smolt mi~ration Adult fish returnll 

Percent Adult return as % 
Number of s molts (millions) Eassing survival t<' Numbe r of smolts Eassing 

Migrat i on Lower Little Ice The Dalles
21 The Dall2' or of adults Uppermzi?t The 

:i::ear Granite Goose Harbor or John Dax- John Dax- (thous ands) dam- Dalles 

Chinook Salmon 

1964 2. 9 na na 80 2.8 na 
1965 2. 2 na na 89 4.0 na 
1966 3. 0 1.9 63 132 4.4 fi.9 
1967 2. 3 1.4 61 97 4.2 6.9 
1968 2. 7 1. 6 59 104 1.8 6. 5 
1969 2. 1 1.4 67 87 4.1 6.2 
1970 5.0 1.6 l~ 2~_/ 24 162 3.2 13. 5 
1971 4.0 1.9 89 2.2 
1972 5.0 1.8 o. 75 15 41 o.8 5.5 
1973 5.0 0.6 0.25 5 18 0.4 7.2 
1974 3.5 1. 7 1.4 40 43 1.2 3. 1 
1975 4.0 1. 3 0.9 22 86 2.1 9.6 
1976 5.0 2. 7 1.3 26 61 61 61 
197791 2. 0 <0 . 1 0.02 1 71 71 71 
197lr 2.2+(1.0)l. 'l+{O . 6) 1.1 0.7 44 ! I ·~.1 _a1 
1979 
1980 
1981 

Steelhead 

1964 1.6 na na 95 5.9 na 
1965 1.2 na na 90 7.5 na 
1966 1.8 1.4 78 86 4.8 6. 1 
1967 2. 7 1.6 59 97 3.6 6. 1 
1968 3. 7 1.9 51 91 2.5 4.8 
1969 2.2 LO 45 66 3.0 6.6 
1970 4.7 4.0 1~92./ 40 103 2.2 5 .4 
1971 5.5 3. 4 74 1.3 
1972 2.5 1.5 0.5 20 26 1.0 5 . 2 
1973 5.5 1.4 ' 0.22 4 12 0.2 5.4 
1974 5.0 4.0 1.3 26 23 0.5 1.8 
1975 3.2 1. 7 1.1 34 70 2.2 6.4 
1976 3.0 1.8 0. 9 30 61 61 61 
197791 1.4 <0 . 1 0.01 <l 71 71 71 
197&=- 1.1+(1.0)0.6+(0.4) 0. 5 0.21 30 ! I ~I !I 
1979 
1980 
1981 

Source: Smolt data (Sims et al. 1978; Raymond ms); adult return data (Raymond 1975; 
Raymond ms). Smolt data for 1978 are preliminary (Sims, personal 
communication) . 

na • not available. 

11 Total return from smolt migration. 
21 Counts at The Dalles Dam (1966-75) and John Day Dam (1976-70) . 
JI Survival from uppermost dam to The Dalles Dam (1966-75) and John nay Dam 

(1976-78), excluding transported fish at the dams. 
41 Uppermost dam: Ice Harbor, 1964-69. 

Little Goose, 1970-74. 
Lower r.ranite, 1975-73. 

51 Not sampled in 1971. 
61 Data expected at end of 1979. 
71 Data expected at end of 1980. 
Bl Data expected at end of 1981. 
J../ First estimate is the count at the tailrace, and the second estimate (in 

parenthesis) is the number transrorterl. F.xample, total number of chinook 
smolts passing Lower Granite Dam is 2.2+(1.0) • 3.2 million . 

.. 

• 
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CAUSES OF THE DECLINE 

TURBINES 

Numerous experiments have been conducted to measure survival of salmonids 
passing through turbines (Exhibit 7). Bell et al. (1967) summarized these 
experiments and analyzed the effect of numerous variables such as wicket gate 
opening, water head, size of fish, etc., on fish survival through turbines. 
Tests pertinent to the Kaplan turbines of the Columbia River indicated a mean 
loss of 7%. However, these data frequently included only direct mortality. 
Indirect mortality, such as increased predation on temporarily debilitated fish 
slightly injured or stunned by passi~g through the turbines,can be substantial. 
More recent studies by Long et al. (1968, 1975) showed that mortality of juve
nile coho salmon, O. kisutch, passing through turbines at Ice Harbor and 
Lower Monumental Dams was as high as 30% when indirect mortality from predation 
was included. Losses from predation will vary from dam to dam and year to year 
depending on the fluctuating populations of predators. However, when the 
predation loss at dams is combined with the direct loss in turbines, it becomes 
apparent that the turbine-related mortality occurring to a population of down
stream migrants passing over a long series of da~s can be significant. In the 
low-flow yesrs of 1973 and 1977 when almost all of the young migrants had to 
pass through turbines, losses of 95% and 99% were recorded for both chinook 
salmon and steelhead populations from the uppermost dams in the Snake River to 
The Dalles Dam (1973) and John Day Dam (1977) (Sims et al. 1978). 

Exhibit 7. Schematic diagram of fish passage through a turoine. 

DEAD FISH COLLECTED 

FROM THE TAILRACE 



SUPERSATURATION 

Columbia River water supersaturated by nitrogen was recognized as a problem 
to anadromous fish in 1965 when levels as high as 1257. of saturation were 
recorded. A comprehensive study (Ebel 1969) of dissolved gas levels done in 
1966-1967 throughout the Columbia River from Grand Coulee Dam to the estuary at 
Astoria, Oregon,substantiated that high levels of dissolved gases occurred 
throughout the s~udy area. The study also showed that water plunging over 
spillways is the main cause of supersaturation and that little equilibration 
of supersaturated gases occurs in the reservoirs associated with the dams. 

There is ample evidence, both in laboratory and field studies, that adult 
and juvenile salmon and steelhead are jeopardized by gas bubble disease in 
the Columbia River Basin (Ebel et al. 1975). 1'he severity of the diseasE and 
its consequences depend on the level of supersaturation, duration of exposure 
to supersaturation, water temperature, general physical condition of fish, and 
the swimming depth maintained by the fish (Exhibit 8). 

During spill, levels of dissolved gases measured at and between major dams 
(135 to 140%) were well above critical levels. Unfortunately, even with maximum 
utilization of turbine capacities, the dissolved gas levels during the average
and high-flow years continued high enough to cause problems for upstream and 
downstream migrants. Because all reaches of the Columbia and Snake Rivers 
through which adult and juvenile salmon and steelhead must migrate were signi
ficantly supersaturated, the total time of exposure was serious, and any undue 
delays that fish encountered resulted in substantial mortalities from gas bubble 
disease. 

Information currently available on depth distribution of juveniles (Mains 
and Smith 1964; Smith et al. 1968; Monan et al. 1969; Smith 1974) all indicate 
that the largest percentage of downstream migrants are found in the top 5 feet 
of water. This means that the average hydrostatic compensation achieved is 
about 7.5% of saturation--insufficient to compensate for levels as high as 135 
to 140% when levels as low as 115% can cause substantial mortality. 

Even if migrants were able to gain relief by traveling deep in the river, 
adults are forced to utilize restricted depths when entering and negotiating 
fishways at dams. During the time the fish are in the fishways, they are 
restricted to a maximum depth of about 7 feet. Observations at various dams 
(Menan and Liscom 1973) indicate the fish are frequently near the surface in 
the fishways. Even though there was some reduction in the dissolved gas levels 
in the ladder, the restricted depth places an additional stress on fish pre
viously equilibrated to high levels of gas supersaturation . 

• 
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Exhibit 8. Gas supersaturation. 
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Gas bubbles beneath the skin of the head of a young chinook salmon and beneath the 
skin of an adult fish. When bubbles burst, infections may set in and kill the fish. 
Dissolved gases absorbed into the bloodstream form bubbles when the gases leave 
solution. These embolisms may block the circulatory system and cause death. 
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Several conclusions regarding the effect of supersaturation of atmospheric 
gas on fish in the Columbia River were made from the laboratory and field data 
presented by Ebel et al. (1975). The main conclusions reached were: 

1. Supersaturation of atmospheric gas has exceeded 130% over long 
stretches of the Columbia and Snake Rivers during the spring of several years 
since 1968. 

2. Juvenile and adult salmonids confined to shallow water (1 m) suffered 
substantial mortality at 115% total dissolved gas (TDG) saturation after 25 
days of exposure. 

3. Juvenile or adult salmonids allowed the option to sound and obtain 
hydrostatic compensation either in the laboratory or in the field still suffer 
substantial mortality after more than 20 days' exposure when saturation levels 
Of TDG exceed 120% . 

4. On the basis of survival estimates made in the Snake and Columbia 
Rivers from 1966 to 1978, juvenile fish losses ranging from 40 to 95% occurred 
and a major portion of this mortality was attributed to fish exposure to super
saturation of atmospheric gases during years of high flow. However, the greatest 
mortality (95%) occurred in 1973, a low-flow year when virtually no spilling 
occurred. Mortality during this year was due to other factors such as delay in 
migration, turbine mortality, and predation. 

5. Juvenile salmonids subjected to sublethal periods of exposure to 
supersaturation can recover when returned to normally saturated water, b~t 
adults do not recover and generally die from direct and indirect effects of 
the exposure to supersaturation. 

Spillway deflectors have now been installed on the dams resulting in 
reduction of gas saturation levels. We believe the losses caused by super
saturation are minimal at this time. Spillway deflectors are discussed in more 
detail later. 

• 
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DELAYS IN MIGRATION 

Salmon and steelhead are creatures of a free-flowing river ecology. 
This ecology is tied in with optimal conditions permitting juvenile fish to 
enter into the ocean and survive (to feed and grow) on the one end, and optimal 
conditions for adults to return to natal streams and spawn on the other end. 
The pristine ecology of the Columbia River and most of its major tributaries 
has been destroyed in less than half a century. Snake River salmon and steel
head, for example, are now confronted with a series of eight large impoundments 
during their downriver and upriver migrations. The effects of these impound
ments on timing of migrating fish to optimal ocean and spawning ground conditions 
are not yet completely understood. Consequences may be much more serious than 
we realize. 

Data from migration rate and timing studies (Raymond 1968a, 1968b, 1969) 
indicate that juvenile chinook salmon ~ove about one-third as fast through 
impounded areas of the river as through free-flowing areas. During low-flow 
years, we estimate (Exhibit 9) that juvenile chinook salmon and steelhead 
migrating from the Salmon River will take 78 days to reach the estuary; arriving 
there about 40 days later than they did before the dams were constructed. The 
total effect of this drastic change in the timing of anadromous fish with a life 
cycle precisely tuned to specific environmental patterns is not yet completely 
known. One immediate effect in low-flow years is a tendency for some fish to 
residualize and spend several months in fresh water. Of even greater consequences 
are the effects of prolonged exposure to intensive predation, exposure to disease 
organisms, and exposure to stresses imposed by pollution. The impoundment of 
river flows by dams has more than doubled the time required for the hazardous 
migration of juvenile salmon and steelhead to the sea. 

Adult migrants are delayed at dams during high-flow years. This results 
in increased exposure to high nitrogen supersaturation which has caused direct 
mortality to substantial numbers of fish (Beiningen and Ebel 1970). Delayed 
indirect mortality from increased disease incidence caused by prior exposure to 
high nitrogen supersaturation has also been measured (Ebel et al. 1975). 

MIGRATING ADULT SALMON 
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Exhibit 9. 
1/ 

Travel time- estimates in days for Snake River juvenile chinook salmon 
and steelhead from the Salmon River (Idaho) to the estuary. 

Stretch of River Low Moderate High 

Salmon R!ver to Lewiston (115 miles)-free flowing 8 5 3 

Lewiston to Lower Granite Dam (35 miles)-1~pounded 7 4 2 

Lower Granite to Little Goose Dams (40 miles)-impounded 8 5 3 

Little Goose to Ice Harbor Dams (63 miles)-impounded 11 8 4 

Total Snake River 36 22 12 

Ice Harbor to The Dalles Dams (143 miles)-impounded 29 18 10 

The Dalles Dam to the estuary (192 miles)-like free 
flowing 

Total Columbia 335 miles 

Grand Total 

.!/Travel time based on following immigration rates: 

free flowing 
impounded 

Low 
15m/day 
C,m/day 

Moderate 
25m/day 
8m/day 

13 

42 

78 

High 
34m/c'lay 
15m/day 

8 

2fi 1 fi 

4R 28 

±:./ 1ow flow 
med.flow 
high flow 

Snake River 30.000 to 50,000 cf~ Col. River 150,000 to 180,000 cfs 
11 II 80,000 to 100,000 cfs 11 11 200.000 to 300.000 ch 
II II 120,000 to 180,000 cfs '' 11 3c,n,ooo to 500,000 rfs 

(Estimated from the data of Raymond 1968b, 1959; Bentley and Raymond 1975) 
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RECOMMENDED MEASURES FOR REDUCING LOSSES 

COLLECT AND TRANSPORT 

One pratical way to reduce losses of juveniles during their downstream 
migration is by a collection and transportation system whereby fish are collected 
at an upstream dam and transported to the estuary around many dams. This would 
eliminate losses of juveniles from predation turbines, nitrogen supersaturation, 
pollution, and delays at a large number of dams and reservoirs. 

A summary of the recent collection and transportation experiments follows; 

Since 1971, the National Marine Fisheries Service (NMFS) has been concen
trating on an experiment where migrating juvenile salmon and steelhead are 
collected at Little Goose, Lower Granite, and McNary Dams and transported to 
two locations downstream from Bonneville Dam (Exhibit 10). Summaries on trans
port experiments to date (1971 to 1978) are presented in Appendix A (chinook 
salmon) and in Appendix B (steelhead) . The experiments are designed to determine 
the effect of transportation on homing and survival. The data, obtained at 
Little Goose and Lower Granite Dams and summarized in Exhibit 11, indicate that 
survival of both chinook salmon and steelhead can be increased by collection 
and transportation. The percentage increase in survival varies from year to 
year depending on river conditions. During years when survival of natural 
migrants was very low, survival of control releases was also low and the percent
age benefit from transport was greatest. For example, in 1973 survival estimates 
(see Exhibit 4) indicated an all time low survival rate for both juvenile chinook 
salmon and steelhead migrants; transport/control ratios obtained from adults 
returning were the highest (15.4:1 for chinook salmon and 13.5:1 for steelhead-
Exhibit 11) recorded to date. 

Exhibit 10. Transportation routes and release locations of experimental chinook 
salmon and steelhead collected and marked at Little Goose, Lower 
Granite, and McNary Dams. 

WASHINGTON 
Little Goose 

? 
Dom ..-Central 

Ferry 

OREGON 
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Exhibit 11. Comparison of adult returns from control and transport releases 
of juvenile chinook salmon and steelhead, 1971 to 73 and 1975. 
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1971 
High flow 

N •52 266 

Ratio • 1.6: 1 

N • 199 831 

Ratio• 1.7:1 

CHINOOK SALMON 

1972 1973 1975 
Hi flow Low flow A flow 

25 89 

1.1 : 1 

STEELHEAD 

132 664 
3.2:1 

20 502 

15.4:1 

127 439 

2.1: 1 

1973 1 75 
Low flow Average flow 

61 1,225 
13.5:1 

200 826 

3.2: 1 

Analysis of the test-to-control ratios provides the best insight to the 
benefits possible from the transportation system, but total percentage return 
obtained from the groups transported must also be examined to accurately assess 
the effectiveness of the system as it now operates. If both test and control 
groups are excessively stressed during the diversion, collection, marking, and 
transport operation, then percentage return will be abnormally low even though 
test-to-control ratios are favorable. Therefore,we have been comparing per
centage returns of the transport groups with percentage returns achieved at 
Dworshak and Rapid River Hatcheries and with estimated percentage return of 
steelhead and chinook salmon to Little Goose Dam (1971 to 1973) and Lower 
Granite Dam (1975) from naturally migrating populations that were not trans
ported. 

"Estimated11 percentage of marked steelhead returning to Little Goose Dam 
from those transported from Little Goose Dam in 1971. 1972, and 1973 were 1.44, 
1.80, and 2.70%, respectively. The adult return from fingerlings transported 
from Lower Granite Dam in 1975 was 2.4% (Exhibit 12). Corresponding percentage 
returns from release of steelhead at Dworshak Hatchery were 0.25, 0.20, 0.05, 
and 0.77% (Exhibit 12). Estimated percentage returns of adults from a mixture 
of wild and hatchery populations of juvenile steelhead passing Little Goose Dam 
in 1971, 1972, and 1973 were 0.80, 0.40, and 0.20%, respectively (Raymond 1974). 
Percentage return from juvenile steelhead passing Lower Granite Dam in 1975 was 
1. 2%. 

• 

• 
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Exhibit 12. Adult returns of Snake River chinook salmon and steelhead used in 
transport experiments, 1971 to 73 and 1975. (.Source : Appendixes 
A and B) 

(Steelhead) 

Riv. 1 / 
Ex2eriment Adult return in % Transport/ Dworshak 
Test Transport 

sitel1 Juvenile~/ Adults of juveniles release~ control return 
Year flow- Collection site groue method Release release~ recaetured Observed Estimated-'- ratio {2ercent) 

1971 High L.Goose Dam Control L.Coose Da2/ 33, 243 199 0.599 0.832 .. Transpt Truck 80,906 831 1. 7 :1 0.25 Bonneville- 1.027 1.443 

L.Coose Dam Control 1972 High L.Coose Da~/ 32,488 132 0.406 0.564 
Trans pt Truck Bonnevill- 50,157 664 1.324 1.804 3. :.! : 1 0.20 

1973 Low L.Goose Dam Control L.Goose Da~/ 42,461 61 0.144 0.201 13.S:l 
Transpt Truck Bonneville- 63,452 1,225 1.930 2. 703 0.05 

1975 Avg. L.Cranite Dam Centro 1 L.Cranite 2?m 46,823 200 0.427 o. 773 3.2:1 
Trans pt Truck Bonnevill- 60,4 75 826 l.366 2.472 o.77 

(rhi1111ul: !l11 lmu11) 

Ex2eriml.!nt Adult return in 7 Transport I Ra pi d 11,. 

Riv 1/ Test Transport Y Juvcnilesl / Adu Its of juveniles releasef},.
7 

control return 
Year Flw -Collection site grou[! method Rel<.!ase site released reca~t'd Observed Estimate;pt ratio ~[!ercen t) 

1971 High L.Coose Dam Control L.ronse Dam 20,674 52 n . 250 0.370 1. 6: l 0.59 .. Tr-ans pt Truck llonnevil le 65,1189 266 0.403 0.610 

1972 Hii;:h L.Goose Dam Control t . r.oose Dam 32,816 25 0.076 0.106 l. 1 : l O. l Z 
Transpt 'iruck llonnevllle 106,405 89 0 . 084 0.116 

1973 Low L.Goose Dam Control L.r.oose Dam 88,170 20 0 . 023 0.026 
15. 4: I " Tr-anspt Truck Bonneville 141,364 502 0.)55 0. 41)) O. l !l 

1975 Avg. L. Gr-ani te Dam Control L. \.r-anite 1J.1m 42,915 127 0.296 0.813 
2 .1 : l o. )) L.Granite Dam Trunspt Truck llonnev l ll c 68,550 4)9 o. 64() 1. 742 

Data source: 1971, 1972,and 1973 experiments (Ebel et al. 1974); 1975 (Park et al. 1976); 1976 (Park et ·:,Tl9nl7 
1977 (Park et al. 1978): 1978 (Park et al. 1979). 

I I Low ,. 35 ,000 to 60,000 rfs; Avcra::;e ~ 70,000 fO 100,000 rh: High • 110,000 to 190,000 cfs. 
l./ The two release groups of transported fish (Dalton Point and below Bonneville releases ar-e comhine t.I for purpu«•· 

of evaluation. 
3/ Adjusted for initial tag loss except for 1978 releases . 
"£! Based on comparison of known n•covery of fish with magnetized wire tags at Little Goose a nd L<Mer c.rani tc ll~ms 

and the subsequent rer.over-y of these and other mar-ked fish at Owurshak National Hatchery upstre am frum Linh· 
Goose. Returning fish Jdentified at the dams were marked with jaw tags and released to cnntinue the ir mli:n ti o n 
upstream. Numbers of externally-tagged fish arriving at Oworshak Hatchery were compared with th e r e C'ov1!r v v f 
other wire tap;ged fish arrivinit at Oworshak Hatchery not previously detected and identified at Li tt I e (;oost 
and Lower- r.ranite Dams. 

- . . 
fl Based on comparison of known recovery of fish with magnetized wire tavs 11t Little Goose and I.ewer r.r,rnite Dams 

and the subsequent rec overy of these and other marked fish at Rapid Rive r Hatchery upst r eam f rom Little Gnose 
Onm. Returnini.: fish identified at the dams were marked with .1aw ta11.s and relea sed to C'ontinue t he ir mirration 
upstream. Numbers o f externally-taAp;ed fish arriving at Rapid River Hatcherv were compared with t he recove ry 
of other wire tap;~ed fish arriving at Rapid River Hatchery not pr-eviously deteC'ted and ident i f ied at Little 
Goose and Lower Granite Dams. 



18 

Substantial increase in survival of steelhead as a result of transporta
tion is indicated by either test/control type analysis or percentage return 
comparisons. These comparisons are based only on marked steelhead transported 
from Little Goose and Lower Granite Dams. In 1975, over 460,000 unmark~d fish 
were also transported. Return of unmarked steelhead from those transported 
ranged from 4.0 to 7.0%. When this percentage return range is compared in the 
same manner with those above, a much greater increase in survival for those 
transported is indicated. 

"Estimated" percentage returns of marked chinook salmon from those trans
ported from Little Goose Dam in 1971, 1972, and 1973 were 0.61, 0.12, and 0.40~, 
respectively. The return of marked chinook salmon of those transported from 
Lower Granite Dam in 1975 was 1.747. (Exhibit 12). Corresponding percentage 
adult returns from the releases of chinook salmon at Rapid River Hatchery were 
0.59, 0.12, 0.15, and 0.33% (Exhibit 12). Estimated percentage returns of 
adults from a mixture of wild and hatchery populations of juvenile chinook 
salmon passing Little Goose Dam in 1971, 1972, and 1973 were 1.3. 0.6, and 0.4%, 
respectively (Raymond 1974). Percentage return from juvenile chinook salmon 
passing Lower Granite Dam in 1975 was 1.9%. 

For chinook salmon, a definite benefit is shown by test/control type 
analysis, and some benefit can be shown when percentage return data from 
transported groups are compared with only the Rapid River Hatchery returns 
for 1971, 1973, and 1975. However, a benefit is shown only in 1973 when 
marked transported returns are compared with estimated percentage returns to 
Little Goose and Lower Granite Dams from naturally migrating populations that 
were not transported. 

It should be emphasized that these comparisons are based only on marked 
chinook salmon transported from Little Goose and Lower Granite Dams (over 
345,000 were transported in 1975). Although the data available regarding 
percentage return of these fish are sparse, we believe it ranged between 2.0 
and 4.0i.. When this percentage return range is compared in the same manner 
with those above, an increase in survival of those transported in 1975 is 
indicated. 

In sununary, we believe sufficient data exist to reconunend continued mass 
transport of steelhead and chinook salmon from Little Goose and Lower Granite 
Dams with continued evaluation. 

Mass transportation of juvenile fish was not fully implemented until 1977. 
The expected low-river flow condition in 1977 prompted emergency actions by the 
CofE and the fishery agencies in the form of mass transportation of both Snake 
River and Columbia River fish by truck and barge (Exhibit 13). 

In 1977, totals of 4.3 million juvenile chinook salmon and 1.1 million 
juvenile steelhead were collected and transported by truck, barge, and air 
(experimental) from Little Goose and Lower Granite Dams and from hatcheries 
in the Snake and Columbia Rivers. In 1978, 1.6 million juvenile chinook 
salmon and 1.4 million steelhead were collected at the dams and transported. 
The majority of the adult returns from juveniles transported in 1977 will 
return in 1979; for the 1978 transport, the returns will be in 1980. 

• 

.. 
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Exhibit 13. Total numbers of juvenile fish collected and transported past dams, 
1971 to 78 (includes experimental fish marked for transport evalua
tion). 

Chinook Salmon 

Little C'.oose and Lm.ier Granite Dame collection sites 1 Snoke R. Collected at hatcheries Transport 
Smolts at Number 11ethod Snake R. Col. R. grand 
upper dam transported Percent Truck Barge Air Barge Barge total 

Year (l ,000) ( 1,000) transported (l,000) (1,000) {l ,000) (1,000) (l,000) (1,000) 

1971 4,000 109 3 109 0 0 0 0 109 
72 5,000 360 7 360 0 0 0 0 360 
73 5,000 247 5 247 0 0 0 0 247 
74 3,500 0 0 0 0 0 0 0 0 
75 4,000 414 10 414 0 0 0 0 414 
76 5,000 751 15 675 0 76 0 0 751 
77 2,000 1,365 68 1,074 215 76 361 2,536 4,262 
78 3,180 1,623 51 ' 972 651 0 0 0 1,623 

Steelhead 

1971 5,500 154 l 154 0 0 0 0 154 
72 2,500 227 9 227 0 0 0 0 227 
73 5,500 176 3 176 0 0 0 0 176 
74 5,000 0 0 0 0 0 0 0 0 
75 3,200 549 17 549 0 0 0 0 549 
76 3,200 434 14 414 0 0 0 0 434 
77 1,400 A95 64 731 164 0 173 48 l p 116 
78 2,120 1,355 64 528 827 0 (I 0 1,355 

Dato source: Park et al , 1976, 1977, 1971!, 1979. 

The mass transportation of juvenile fish in 1977 was undertaken as an 
emergency measure because of the expected low-river flow condition. As it 
turned out, 1977 was an extreme drought year and represented the lowest river 
flow ever recorded. Unfortunately, these extreme hydrologic conditions in 
turn affected the condition of migrating juvenile fish. In general, the 
juvenile fish collected and transported were found to be in very poor physical 
condition. Furthermore, it was estimated that over one-half of the migrating 
populations available from upstream production areas never reached Lower 
Granite and Little Goose Dams. We, therefore, do not expect a high percentage 
return from fish mass transported in 1977, and program analysis should be 
conducted with this provision in mind. Final evaluation of mass transporta
tion should not be attempted until returns from juveniles released in 1978 
are complete. 

Juvenile loss data and adult return data (Exhibit 6) indicate that 
decisions regarding mass transportation of juvenile chinook salmon and steel
head in future years may be critical in determining the ultimate survival of 
the Snake River populations. Careful examination of the predicted river flows 
and the results of ongoing transportation studies will provide the necessary 
data to determine the degree to which mass transport should be implemented 
during a given year. Complete return data will not be available until 1980 
and 1981 from groupg (experimental and mass transport) transported from Lower 
Granite Dam in 1977 and 1978. However, as indicated earlier, sufficient data 
regarding effects of collection and transportation of chinook salmon and 
steelhead from Little Goose and Lower Granite Dams are available now and 
decisions can be made now. 
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OPERATION FISH RUN 
Mass fish transport activities on the 
Snake and Columbia Rivers 

(Left) Fish loaded from hatchery raceway via fish pump to 
transport truck for long distance haul. 

(Center left) At dams juvenile fish can be loaded into trucks 
or barges for transport to release sites below 
Bonneville Dam. 

(Center right) Barge with fish in raceway-like holding com
partments in navigation lock at Bonneville Dam. 

(Bottom) Barge and accompanying tug underway near release 
site on Columbia River downstream from Bonneville 
Dam. 

.. 
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SCREEN AND BYPASS 

Collection and transportation can provide one practical solution to tur
bine mortality. Another solution would be to install traveling screens in 
every turbine intake and bypass the fish around the turbines (Exhibit 14) • 
However, the cost would be very high; and at some dams, such as John Day, where 
the juvenile fish bypass system functions poorly, the losses might by greater 
from screening and bypassing than from passing them through the turbines. In 
addition, the problems of migration delay and predation at many d8111s would 
still exist. 

Additional studies are needed to determine how screening and bypass 
systems can be made more effective at dams like John Day. The intake tra
veling screen system currently in use at Little Goose Dam, for example, is 
adequate for collection and bypass of steelhead but could be improved for 
collection and bypass of chinook salmon. Improvement of this system is now 
underway, but it will not be operational until the spring of 1980. We 
anticipated the collection and bypass system at Lower Granite Dam would be 
an improvement over that operating at Little Goose Dam and current data on 
the condition of fish collected at Lower Granite Dam indicate" that the system 
at Lower Granite is in fact a substantial improvement. 

Of great concern at all existing dams is the potential for predation 
where young fish are concentrated at a bypass exit. Bypass systems must be 
carefully evaluated on a dam by dam basis before the use of screens is 
reconunended. Bonneville Dam, which will soon have a second powerhouse, 
should receive a high priority for consideration of a screening and bypass 
system. Several million juvenile salmonid migrants will have to pass through 
the turbines of this dam in the near future. However, even at the new Bonne
ville installation, the bypass system should be evaluated to determine whether 
further improvements can be made. 

Exhibit 14. Schematic diagram of the system used to bYPass juvenile migrants 
around turbines. 

Young fish entering a turbine intake concentrate near the ceiling. Approximately 
75% of the fish are diverted by traveling screens into the gate~ell. then the fish 
p3ss through submerged orifices into a channel connected to the tailrace. With this 
system fish may be bypassed around the turbines of a single dam or the fish tiay be 
collected and transported around many dams. 
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REDUCE SUPERSATURATION 

Spillway deflectors [concrete sills placed near the base of the spillway 
(Exhibit 15) to direct flow horizontally into the stilling basin)' are the 
most promising way to reduce gas supersaturation at this time. The lateral 
deflection of the water prevents deep plunging action where air entrainment, 
the primary source of supersaturation, takes place. Studies by Ebel et al. 
(1973); Long and Ossiander (1974); Johnsen and Dawley (1974); and Monan and 
Liscom (1974, 1975) show that supersaturation of the water with air (primarily 
nitrogen) is substantially reduced, and no injury or adverse effect on either 
adults or juveniles can be measured. 

Spillway deflectors have been installed by the CofE at Lower Monumental, 
Lower Granite, Little Goose, Ice Harbor, McNary, and Bonneville Dams. Tur
bine capacity has also been increased at the Snake River dams and at John Day 
Dam. The installation of spillway deflectors coupled with increased turbine 
capacity (i.e., more of the water is diverted to the turbine intakes) has 
substantially reduced atmospheric gas supersaturation in the Snake and lower 
Columbia Rivers. 

Additional turbines are also nearing completion at Rock Island, Grand 
Coulee, and Chief Joseph Dams on the middle Columbia River. The increased 
turbine capacity at these dams coupled with the increased control of flow 
as a result of recently completed Canadian storage dams should also result 
in lower gas supersaturation in the middle Columbia River. 

In our opinion, the problem of gas supersaturation in high-flow years 
will be for all practical purposes under control in the Snake and lower 
Columbia Rivers and will be substantially reduced in the middle Columbia 
River. 

Exhibit 15. Schematic diagram of spillway deflector and map showing locations 
of dams that have these spillway deflectors. 

Deflectors installed at Q 
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MINIMIZE DELAY IN MIGRATION 

There are two possible ways to reduce delay of migrating juveniles: 1) 
flow control (utilization of upstream storage) and 2) collection and trans
portation • 

A committee was established recently to recommend minimwn flows in the 
Snake and Columbia Rivers, and it was suggested that spillways at a series of 
dams may be operated sequentially or simultaneously during the juvenile migra
tion to provide more favorable conditions to speed downstream migration during 
low- and high-flow years. Power producers indicate this may be possible if 
energy demands can be met. The concept is currently being tested, but detailed 
data on benefits (for power and fish) that can be achieved are not complete at 
this time. 

Information obtained from migration rates, timing, and survival studies 
indicates that delays in migration of juveniles during high-flow years will 
not be as serious a problem now that nitrogen supersaturation is reduced by 
the spillway deflectors. 

Collection and transportation systems provide, in our opinion, the best 
opportunity for overcoming the hazards of delayed migration. Transported 
fish would arrive at the estuary 16 days early (rather than 40 days late) hav
ing avoided a prolonged exposure to predation, pollution, and disease in many 
impoundments as well as avoiding the effects of turbines at many dams. 

Effects of delay on adults during low-flow periods are not critical; in 
fact, adults progress rapidly upstream in low-flow years. Recent information 
indicates that optimwn spill patterns and attraction flows can be arranged to 
improve upstream passage even during moderately low flows (Junge and Carnegie 
1974). Studies in progress by CofE and NMFS biologists indicate that improve
ments in adult fishway collection systems can also reduce delays. 

Delays to adult migrants during high-flow periods can be serious (Junge 
and Carnegie 1976). However, these delays can be reduced by perfecting oper
ation of spillways and turbines at the dams to provide the best possible 
attraction flows for entrance of adults to the f ishways. 

ADULT FISH PASSAGE FACILITIES 

ICE HARBOR DAM FISH LADDER 

BONNEVILLE DAM FISH LADDER 
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PREDICTED BENEFITS OF REMEDIAL ACTION 

Steps have been taken on two major actions to minimize the losses caused 
by dams: 1) reduction of supersaturation by installation of spillway deflect
ors at Bonneville, McNary, Ice Harbor, Lower Monumental, Little Goose, and 
Lower Granite Dams; and 2) initiation of a full-scale test of the collection 
of juvenile chinook salmon and steelhead migrants from the two uppermost dams 
(Lower Granite and Little Goose) and transportation to below Bonneville Dam. 

In Exhibit 16, we have attempted to predict the benefits that can be 
realized from these actions. The method of calculating levels of benefit 
is outlined in Exhibit 17. Benefits resulting from installation of spillway 
deflectors are derived from data in Ebel et al. (1975). Benefits from trans
port of fish are derived from the data on the 1971, 1972, 1973, and 1975 
transport experiments reported earlier in Exhibit 12. Complete data on the 
1976, 1977, and 1978 transport experiments will not be available until 1981. 

All predictions require assumptions about future events. The major 
assumptions upon which predictions are based are listed in Exhibit 18. 

Prior to 1975 (Exhibit 16), the average annual outmigration of chinook 
salmon was 2.9 million smelts from 1964 to 1970 and 4.3 million smolts from 
1971 to 1975; for steelhead it was 2. 6 million smelts from 1964 to 1970 and 
4.3 million smelts from 1971 to 1975. The corresponding adult fish returns 
from these annual outmigrations were as follows: 

1. Chinook salmon, 1964 to 1970, 80 to 162 thousand fish. 
2. Chinook salmon, 1971 to 1975, 18 to 89 thousand fish. 
3. Steelhead, 1964 to 1970, 66 to 103 thousand fish. 
4. Steelhead, 1971 to 1975, 12 to 74 thousand fish. 

Assuming an average annual smolt outmigration of 4.3 million fish, the 
predicted consequences, depending upon river flow condition at time of out
mitragion, are (Exhibit 16): 

1. Without any remedial actions--return of adult chinook salmon in the 
probable range of 1,000 to 35,000 fish per outmigration. 

2. With remedial actions--return of adult chinook salmon in the probable 
range of 14,000 to 63,000 fish per outmigration. 

3. Without any remedial actions--return of adult steelhead in the pro
bable range of 12,000 to 46,000 fish per outmigration. 

4. With remedial actions--return of adult steelhead in the probable 
range of 100 , 000 to 131,000 fish per outmigration. 

t 
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Exhibit 16. Graphs of predicted benefits of remy91al actions under assumed annual 
outmigration of 4.3 million smolts.-
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!/ Average smolt outmigration and adult fish returns for 1964 to 70 and 
1971 to 75 were estimated from data in Exhibit 6. 

Increased hatchery production has been recotmnended to compensate for 
large losses in natural spawning grounds of salmon and steelhead. If realized, 
this increased production, together with the remedial actions, will help to 
restore and perhaps even increase the production of Snake River salmon and 
steelhead to levels far above that once believed feasible • 
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Exhibit 17. Derivation of predicted benefits from remedial actions. 

Percent adult fish return estimates 

Chinook s al1110n Steelhead 
River flow River flow 

Low Ave. High Low Ave. High 
Item/Event (%) (%) (%) (%) (%) (:) 

Without remedial action l/ 
Percent adult fish return- n.026 0.813 0.238 0.201 o. 773 0.698 

Adjuated for contribution 21 to lower river fisheriair 0.026 0.813 o. 359 0.277 1.066 0.963 

With remedial action 

A. Collect and trans2ort: 

Percent adult fish retu~/ 0.401 1.742 0. 363 2. 703 2.472 1.624 

Adjusted for contribut12? to 
lOlll!r river fisherie- 0.401 1.742 0.548 3.730 3.411 2.241 

Collection ·~? transport 
capabilit>- 80 70 40 80 70 40 

B. ~illwa~ deflectors: 

Percent net increa~1in adult fish return- 0 0 l . 40 0 0 1.40 

Nuaiber of returning odult fish per 4.3 million smolt outmigranta 

Chinook salmon Steelhead 
River flow River flow 

lte•/Event Low Ave. High Lov Ave. High 
(No . ) (NO.) (NO . ) (No.) n10 . ) (~ 

Without remedial action 

Total retu~/ 1,118 34 p 959 15 ,437 11,911 45 ,838 ~ 

With remedial action 

Tranaport beneuJ-1 '13, 794 52,434 9,426 128,312 102,671 38,545 

Spillway deflector beneuc!1 0 0 36,120 0 0 36,120 

Other return;J-1 224 10,488 9,262 2,3112 13, 751 24,845 

Total return 14,018 62,922 54,808 130,694 116,422 99,510 

l:/ The "estimated" percentage adult fish return from control group1 related to 
river flow at time of outmigration. Source: Exhibit 12 of this report. The 
estimates under "High" river flow are averages of the 1971 and 1972 percent1ges. 

£/ Adjusted to account for the catch of adult chinook sallllOn and 1teelhead by the 
lover river coaaercial and sport fisheries that were not included in the return 
counta of the transport experieents. Adjustment factora are the catch to eacape
ment ratios (chinook sallllDn • 0. 51; steelhead • 0. 38) e1ti1nated froa1 data in 
Ore. Dept. Fish. Wild. - Wash. Dept . Fish. (1976) and Snake River contribution 
factors reported in Tables l and 2, RaY111Dnd (1974) . Chinook salmon : l)" no adjust
ments to the 1973 (low flow) and 1975 (avera~e flow) percentage returns aince the 
fi1herias on the adult returns from these outmigrants were closed 1tartin~ in 
1975: and 2) a factor of l.Sl for the 1971-72 (hiRh flow) percentage (e.g., 
(1.51)(0.00238)•.0.00359). Steelhesd percentage returns were adjusted by the 
factor 1. 38. 

11 The "eatiuted" percentage adult fish return from transport groups. Source: 
Exhibit 12 of thia report . 

!!/ Reflects the different capabilities in collecting and transporting 1110lt out•igrants 
under those river flow conditions• 

5/ Derived from Table 19 of Ebel et aL (1975) . 
6/ Example calculation: (4.3 million amolts)(0.00026)•1,118 adults. 
71 Example calculation: (4.3 million smolta)0.8Q(0.00401)•13,794 adults. 
"'§/ Baaed on nontransported fish . Example calculation: (4.3 million 111DOlta)(l.0-.40) 

(0.014)•36,120 adult1. 
2/ Return from nontransported fiah. Example calculation: (4.3 million 111olta)(l.0-.80) 

(0.00026)•224 adults. 

, 
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Exhibit 18.--Assumptions on which "Predicted Benefits" are based • 

1. Production of steelhead and chinook salmon smelts will remain equal to 

the level of 4 million smelts annually. 

2. Construction of structures affecting supersaturation, such as spillway 

deflectors and additional turbines, are complete on dams operated by the CofE. 

3. Turbine intake traveling screens for the collection of downstream 

migrants to be installed with the new turbines at Little Goose and Lower 

Granite Dams. 

4. Collection and handling procedures for chinook salmon fingerlings will 

be successfully developed and evaluated by the end of the 1983 migration season. 

At this stage of our research, this appears to be a safe assumption. 

5. Attritional losses due to water diversion and pollution will be kept 

at the present level. This requires screening of water intakes and control of 

thermal pollution, industrial pollution , and agricultural pollution by 

enforcement of water quality standards . 
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HAZARDS OF INACTION 

The predicted benefits from taking two specific remedial actions indi
cate that Snake River chinook salmon and steelhead runs can begin to be 
restored and the wild fluctuations in abundance leveled out (Exhibit 16). 
The hazards to taking no remedial action require additional consideration. 
Of major concern is the impact of the national energy crisis on the existing 
depressed runs of fish. Power developments once visualized as needed by the 
year 2000 are urgently demanded today. Many additional turbines have been 
installed to provide the "peaking" capacity needed to meet short periods of 
maximum power demand. This is a necessary complement to the base power to 
be provided by expanded thermal power production. However, with the addi
tional turbines come additional hazards to migrant fish. 

The gravity of the situation for Snake River chinook salmon and steel
head can be appreciated by noting the rapid decline in the runs in recent 
years and realizing that this happened largely because of the addition, since 
1970, of Lower Granite, Lower Monumental, and Little Goose Dams to the exist
ing Ice Harbor Dam in the Snake River. There are now four dams with a total 
of 24 turbine units affecting fish passage in the Snake River alone--the 
number of turbines increased from the 3 units at Ice Harbor Dam in 1969 to 
the 24 units at the four dams by 1979 (Exhibit 19). 

Juvenile migrants passing the dams and turbines in the Snake River are 
also confronted with four additional dams in the lower Columbia River. Here 
too, the number of turbine units has increased since 1968--from the 44 units 
in 1968 to 62 units by 1979, with 14 additional units authorized for construc
tion thereafter (Exhibit 19). 

Exhibit 19. Number of turbine units at hydroelectric dams on the Snake and l/ 
lower Columbia Rivers, 1968 to 79 and authorized for the future.-

Cumulative number of turbine units in place 

River/dam 1968 69 70 71 72 73 74 75 76 77 78 79 Authorized Total 

Snake River 

Lower Granite 0 0 0 0 0 0 0 3 3 J 6 6 0 6 
Little Goose 0 0 0 J 3 3 3 3 3 3 6 6 0 6 
Lower Monumental 0 0 3 3 3 3 ) 3 3 ) 3 6 0 6 
Ice Harbor 3 3 3 3 3 3 ) 6 6 6 6 6 0 6 

Tot el 3 3 6 9 9 9 9 15 15 15 21 24 0 24 

Lower Colullbia River 

McNary 14 14 14 14 14 14 14 14 14 14 14 14 0 14 
John Day 4 10 14 16 16 16 16 16 16 16 16 16 0 20 
The Dalles 16 16 16 16 16 22 22 22 22 22 22 22 2 24 
Bonneville 10 10 10 10 10 10 10 10 10 10 10 10 8 18 

Total 44 50 54 56 56 62 62 6Z 62 6Z 62 62 14 76 

Grand Total 47 53 60 65 65 71 71 77 77 77 83 116 14 100 

y Data •ource: Bell et al. (1976). 

.. 
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It is obvious that turbine-related mortalities will occur with greater 
frequency as a greater percentage of the juveniles are exposed to turbines. 
This will occur because more of the water will be diverted to the turbine 
intakes and less water spilled over the spillways. The diagrams in Exhibit 
20 illustrate the situation for Snake River salmon and steelhead in 1974 in 
contrast to their situation in 1979 and thereafter. From 1979 on, almost 
all of the juvenile migrants will be passing through turbines even during 
average river flow conditions. Critical turbine-related losses that in the 
past occurred only during low-flow years will also be expected during average
flow years. With the Snake River salmon and steelhead populations fluctuating 
at low levels in recent years. two or more successive years of low- and/or 
average-flow years could be disastrous to tne resources and to the people 
that benefit from their utilization. 

In the opinion of the authors, the salmon and steelhead runs of the 
Snake River will be unable to survive long after 1979 unless corrective action 
already initiated continues to be carried out without delay. 

Exhibit 20. Schematic diagram of reduced juvenile fi~h survival to he r.aused 
by additional turbines if no action is taken--Lower Granite Dam 
through John Day Dam. 

.--------1974 ------ ..., -- 1979 --
(86 turbines at 8 dams) 
Average flow co11dition 

(56 turbines at 8 dams) 
Low flow condition Average flow condition 
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One low flow year can 
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One average or low flow 
year after 1979 can nearly 
destroy the outmigrant 
population for that year. 

DISASTROUS 

Two successive years of low flow, 
or average flow, or a combination 
will be disastrrous to the salmon 
and steelhead of the Snake River. 
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As a conclusion~ some hypothetical examples on the effects on adult fish 
return from low downstream survival of steelhead migrants are presented to 
provide a general idea on the "Crisis". The examples are hypothetical, and 
the procedure used in deriving the estimates is highly simplified. 

A simplified diagram on Snake River steelhead production rycle with 
hypothetical mortality estimates is presented in Exhibit 21. The juvenile 
fish outmigration (N1) results in 3 success·ive years of returni'ng adults 
symbolized as A1 (I-ocean age fish), A2 (2-ocean age fish) and A3 (3-~cean age fish). The escapement (spawning fish) from A combines with the A2 escapement of the previous outmigration year and !he A3 escapement of two 
outmigration years before to produce N0 (fertilized eggs) for that year. 

The effects (on adult fish returns and egg production) of increased 
mortality to downstream migrants (from M2 = 0.60, or 601. mortality. to 
M • 0.95, or 95% mortality) are shown in Exhibit 22. Panel A of Exhibit 
2~ shows the effects of increased downstream mortality during 1 year (1979) 
on subsequent adult fish returns in 1980, 1981. and 1982. PanP.l 8 shows 
the effects of 2 consecutive years of high downstream mortality. Panel C 
shows the effects of 3 consecutive years of high downstream mortality. 
Panel D shows the effects of 3 years (o~curring every ether year) of high 
downstream mortality. Although hypothetical and extremP.ly i:;implified. the 
effects from increased mortality in downstream migrants are felt anywhere 
from 3 to 7 years and in varying degrees. Assuming a minimum escapement 
of 6,000 fish, the social benefits (catch) are drastically reduced to one
half to zero of the catch experienced under equilibrium conditions. Even 
minimum escapement is affected as shown in Panels B and C. 

Exhibit 23 shows the derivation of the estimates in Exhibit 22. Shown 
are the effects of high downstream mortality on total adult fish returns by 
year of return (totals on bottom of the tables) and by year of outmigration 
(totals in the last column of each table). and the effects of reduced es
capement on return of adults in subsequent years [for example. the effects 
of the reduced number of eggs (10. 4 million) in 1981, Panel B on adult 
fish returns during 1983, 1984, and 1985]. Although hypothetical, these 
examples nevertheless provide an idea as to the potential consequences of 
increased mortality during only one stage (downstream migration) in the 
life history of steelhead . 

The "Crisis" is evident and upon our society today. Corrective actions 
must be undertaken and continued; otherwise the Snake River salmon and 
steelhead resources will no longer be of benefit to our society. 

, 
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Exhibit 21. Snake River steelhead production cycle (with hypothetical 
mortality estimates). 

0.60 0.70 0.802 0.65 0.55 

Legend 

N "' Number of fertilized eggs 
0 

"1 "' Number survivinR to smolt stap,e (as outmip,rants) 

"2 "' Number of smolts survivinR to The nalles Oam 

~13 "' Number surviving to coastal area 

N4 "" Number surviving after vel\r in oc ean 

N5 '" Number survivinp, after 2 years in ocean 

Al ~umber of I-oc ean ap,e mature adults returning to the river 

A2 .. Number of 2-ocean age mature adults returning to the river 

A3 lllumber of 3-ocean age mature adults returning to the river 

Bl Number of !-ocean ilf.te aclults available for catch and escapement 

B2 Number of 2-ocean a~e adults available for catch and escapement 

R3 s Numher of 1-ocean age adults availahle for catch and escapement 

~11 "1ortalitv during egp. to smolt staP.e 

M2 Hortality durinP, downriver mip,ration (between production area and The 
llalles nam) 

M3 • Mortality between The Dalles Dam and coastal area 

~f4 Mortality during 1st year in ocean 

M5 Mortality during 2nd vear i.n oc:ean 

"16 "' Hortalitv during 3rd year in ocean 

M7 • Mortality during upriver mipration (!-ocean al?e adults) 

MS 11ortality during upriver mip,ration (2-ocean age adults) 

H9 =- Mortality ciurinp upriver mip,ration (3-ocean age adults) 

Assumptions 

1. A 1:1 sex ratio f.or mature adults (Le .• 507. are females) 

2. Fecundity of 4,000 (i.e., 4,000 ep,gs per female) 

3. Ocean ar,e composition of returninp, adults from an outmigration: 

42% as 1 ocean age [ A1 • (N1)(1-M4)(n.164)] 

44i. as 2 ocean age [ A2 • (N4)(1-~5) (0.586)] 

14i.: as 3 ocean age [ A
3 

• (N5)(1-~6)(1.0000)) 
4. Minimum escapement of 6,non fish. 
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Exhibit 22. Hypothetical examples depicting the general effects of 
low outmigrant survival on adult fish return. 

20 

16 

12 

8 

4 

0 

20 

16 

12 

8 -"' "C 
c m 4 "' :;J 
0 
.c 
.!::: 0 
c ,_ 
:;J .... 

20 CIJ ..... 
.c 
"' :;:. 
:::: 16 
:;J 

"C 
< 

12 

8 
-------

4 

0 

20 

16 

12 

8 

4 

0 
1978 79 80 81 82 83 84 85 86 87 

Year of return 

14 
c;; 
"C 
c 

10 ~ 
:;J 
0 .c ... 

6 .J! 

!:! m 
2 u 

A 
Low survival of 1979 
smoh outmigrants 
(one year) 

-, 0 -- Minimum 
I escapement 
I level 
I 

14 

10 
.c 
u -6 t3 

2 

B 
Low survival of 1979 
anu 1980 smolt outmigrants 
ltwo consecutive years) 

--Escapement 

c 
14 Low survival of 1979, 

1980 and 1981 smolt 
outmigrants ( three 

l 0 consecutive years) 
.c 
!:! 

6 t3 

- - Escapement 

D 
14 Low survival of 1979, 

1981 and 1983 smolt 
outmigrants (every 

10 other year for 3 years) 
.c 
u ... 

6 t3 

2 

--Escapement 

• 

' 



I 

I 

33 

Exhibit 23. Derivation of hypothetical estimates for Exhibit 22. 

ftr""d Outlliarant 
r••n re er 1978 

1974 197S 2,800 
197S 1976 8,800 
1976 1977 8,400 
1977 1978 
1978 '1979 . 
1979 1980 
1980 1981 
1961 1982 
196? 1983 
198) 1984 
1984 198S 
198S 1986 

Total retvrn-20,000 
C..l <h-14, 000 

E1cap•Sll3at- 6,000 

Ea~•(a11Uona)--

1974 
19 7S 
1976 
1977 
1978 
1979 
1980 
1981 
, ••2 
1983 
1984 
J!ll!S 

l97S 
1976 
1977 
1978 

t~m1 
1981 
1982 
1983 
1984 
1985 
1986 

12.0 

2,800 
8,800 
8,400 

\.ml Survival of Outalaranta ln 1979 

Adult rwtum (Nu•ber of fl1h ~y year) 

1919 l9a0 1981 1962 ms 1984 ms 1916 1987 

2,800 
8, 800 2,800 
8, 400 ~800 21 800 

T 1, 161 J_i .... m. r · 3il9 I 
8,400 8,800 2,800 

8,400 8,800 2,800 
8,400 8,800 2,800 

8,400 8,800 2,800 
8,400 8,800 2,800 

8,400 8 , 800 
8 400 

_l7,SB91 20,000 12~ 12,422 20,000 20,000 20,000 20,000 20, 000 
14 , 000 11,7 7 6 , 422 ll,S89 14,000 14,000 14,000 14,000 14,000 
6, 000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 

11..0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 1.20 

Lav Survival o! Out•laranu ln 1979 and 1910 (2 eonHCutive yeara) 

2,800 
8,800 
8,400 

2,800 
8,800 

i 1, m 
2,800 

I l:.mb-fzT I m~ 
- E,453 a,yh_lt800 - - 1«... 8~~ 1 

A,400 R, 800 

R,400 

2,800 

R,HOO 
8,400 

Toul return--20,000 20,000 12,11,1 15,199 ~1 11i,01i] ff.294°[ 19,671 [ 19,.R94J" ~o.ooo 20,000 
Cotch--14,000 14,000 I 6, 767 0 4,qli IJ~if4 !'0;~IT1Tf,li9' 14, 000 14,000 

E•C"1>H11nt- 6,000 6,000 6,000 S,199 6,111111 6,000 6,000 6,000 6 , ()1)() 6,000 

E•11a(a1lUona)- IZ.O 12.0 10.4 12 .0 12.0 l::!.O 12.0 12.0 12 . 0 

Low Survlv•l of Out1d51;rnnt• ln 1979 1 1980. 111nd 1981 (1 ronaecuttvr ye1r1) 

1974 1975 2,800 
1975 1976 8,AOO 2,800 
1976 1977 8,400 8 , 800 2,800 
1917 1978 8 , 400 ft 800 2 800 
1978 1919 I 167 l 222 189 
1979 1980 I 167 222 
1980 1981 161 319· 
1981 1982 8 47) ·2'.694' 
1982 1983 4 286 4 481 1 424 
198) 1984 8,400 8,ftOO 2, 800 
1984 1985 8,400 8,800 
198S 1986 ~.400 

Toto I r•turn--20, 000 20,000 112 767 11 148 20,000 
C..tch--14,000 14,000 6 161 7 148 14,000 

Eac•pe•rnt·-- 6, 000 6,000 6,000 6,000 6, 000 6,000 
f.1111• (11111 Inna l--

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
198) 
1984 
1985 

1975 
1976 
1977 
1978 rmn 
1980 

I f9e! I 
1982 

1 mf) 
1984 
1985 
19~6 

12.0 12.0 12.0 12.0 12. 0 12 . 0 

Lnv Survival or Our.•lr.rant• tn 1979, 1981. ~nd lli81 ('\ Y*41'B At evtr)' other ye a.r) 

2,800 
8,800 
8,400 

l,AOO 
8 , 800 
8,400 

2,800 
8,800 
8, 400 

Total retum-20, 000 20 ,000112 i'67 12 422 10,ji~_J1l,422JlO,lS6112,422r11:ss9120,000 
catch--14,ooo 14,ooo 6,767 6,422 ~.1~:6,!!~ 4,U6 6 1 ~Il "ll ,$89 14 , ooo 

E•c•pe•n•- 6,000 6,00o 6,ooo 6,ooo 6,ooo i,ooo 6,noo 6,000 6,000 6,ooo 

Egg1(01Ullona)-- 12.0 12,0 12.0 12.0 12,0 12,0 12.0 12,0 12.0 l 2,0 

1978 1979 1980 1981 1982 1?81 1984 19ftS 1986 1987 

TotAl 
nt.urn 

(20,000) 
(20,000) 
20,000 
20,000 

l ~ml 
20,000 
20,000 
20,000 
20,000 
20,000 

{20,000) 
(20 000) 

(20,0110) 
(20,0l>O) 
20,000 
20,()(10 

I 2,17Tl 
~1111 
20.~uo 

I 1r.m1 
Jo.ono 
20,000 

(20,000) 
( 20,000) 

(20,000) 
(20,000) 
20,000 
20,000 

2 778 
2 77 

. 678 
19,272 
10 191 
20,000 

(20,000) 
(20,000) 

(20,000) 
(20,000) 
20,000 
20,000 

1 "1:Xl3 I 
10, 

I 2,118 I 
20,lili'I) 

I 2,J ~8 I 
20,000 

( 20 ,000) 
( 20,000) 
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Appendix A. Collection, release, and recapture data from transportation 
experiments on Snake River chinook salmon, 1971 to 1978. 

(Chi nnok ~u lmon) 
Expe?'iment Adult return in ~ Transport/ Rapid R. 

2/Juveniles3/Adults of juveniles ?'eleas~ control return 
Release site- released- ?'ecapt'd Observed Estimate ratio (pe?'cent) 

Riv 1/ Test Transport 
Year Flw -Collection site group method 

1971 High L.Goase Daa Control L. r.oose Dam 20,67t. 
" Trans pt Truck Bonneville 65,889 

52 0 . 250 0.370 1.6:1 0.59 
266 0.403 0.610 

1972 High L.Goose Dam Ccnt?'ol L.Goose Dam 32,836 
" Tninspt Truck Bonneville 106,405 

25 0.076 0.106 1.1:1 0.12 89 0.084 0.116 

1973 Low L.Goose Dam Control L. Goose Dam 88, 170 
" Transpt Truck Bonneville lt.1, 364 

20 0.023 0 . 026 
15. 4:1 502 0.355 0.401 0. 15 

1975 Avg. L.G?'anite Dam Control L.Granite 0.1m t.2,915 
L. Granite Dam Transpt Truck Bonneville 68,550 

127 0.296 0.813 
2.1:1 0.33 439 0.640 1. 742 

1976 High L.Grnni te Dam Control V.trk Clarkston, Wa • 24,558 .. Transpt Trk in Bonneville 61,446 
SW 

" Transpt Trk in Bonnevil!"! 72,918 (Final results expected at end of 1979) 
fa 

ti Transpt Airpln Beacon Rock 37, 118 
" Transpt Airpln Tongue Paint )B, 7% 

L. C:oase Dam Control V.trk Cent?' al F'e?'ry 39,570 .. Transpt Trk in Bonneville 82,082 (Final results expected at end of 1979) 
SW 

" Trans pt Trk in Bonneville 68,605 
fw 

1977 Low L.G?'anite Dam Control V.Trk Clarkston, Wa. 38,325 .. Transpt Trk in Dalton Point 43,065 
SW .. Transp t Trk in Bonneville 45,t.04 

" Transpt X~rpln Bonneville 41,092 
" Transpt Airpln Estuary 35,333 

(Final results expected at end of 1980) 

" T-ranspt Barge Bonneville 31,628 

Spr.Crk. H. Transpt Ba?'ge Bonneville 76,057 
Kooskia H. Transpt !large Bonneville 31,200 
\!t>l l ~ f.pn:: . Chan Trnn::p t n:irgc llt>nncv 111 < 99, 11:: 

T. . r:oti::l' nm" Cnntrol I .• r.nur.e f1.1m 1R, 1M· 

" Transpt Trk in Bonneville 43, 33t. (Final l'esults expected at end of 1980) 
SW .. Transpt Trk in Bonneville 41,677 
fw 

1978 Avg.- L.Granite Dam Control L.Granite Dam 8,249 
High " Contra 1 V.Trk Cla?'kston, WA. 46,094 (Final results expected at end of 1981) 

" Tl'anspt Truck Bonneville 82,925 
" Transpt Barge Beacon Rock 56,546 

L.Goose Dam Control L. Goose Dam 36,440 
Transpt Trk in Bonneville 48,614 

SW 

" Transpt Trk in Bonneville 50,975 (Final results expected at end of 1981) 
fw 

Data source: 1971, 1972, and 1973 experiments (Ebel et al l97t.); 1975 (Park et al 1976); 1976 (Park et al· 
1977); 1977 (Park et al. 1978): 1978 (Pa?'k et aL 1979) . 

11 Law• 35,(100 t c> 60,00ll cfs; Aver<og~ • 70,000 t•: 100,00(l cf": High ' 110,000 to 190,000 c:fs . 
"f:_I i1ie two l'elease groups of transporte~ fish (Dalton Point and below Bonneville releases) are combined for 

r 

pu?'poses cf evaluation. J 
3/ Adjusted for initial ta~ loss except for 1978 releases. 
"§_/ Based on comparison of known recovery of fish with maRnetized wire taRS at Little Goose and Lower r.ranite Dams 

and the subsequent recovery of these and othe?' marked fish at Rapid River Hatchery upstream from Little Goose 
Dam. Returning fish identified at the dams were marked with jaw taRS and released to continue their migration 
upst?'eam. Numbers of externally-ta~~ed fish arrivin~ at Rapid River Hatche?'y were ccmpa?"ed with the ?'ecovery 
cf other wire tag~ed fish al'riving at Rapid River Hatche?'y not previously detected and identified at Little 
Goose and Lower G?'anite Dams. 
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Collection, release, and recapture data from transportation 
experiments on Snake River steelhead, 1971 to 1978. 

(Steelhead) 
Experiment Adult return in % 

Riv.11 Test Transport 21 Juvenile~/ Adults of juveniles release? 
Year flow- Collection site group method Release site- release~ recaptured Observed Estimated-"-

Transport/ Dworshak 
control return 

ratio (percent) 

1971 High L .Goose Dam Control L.Goose Da2/ 33,243 
" Trans pt Truck Bonneville- 80,906 

199 0.599 0.832· 
1. 7:1 831 1.027 1.443 0.25 

1972 High L.Goose Dam Control L.Goose Da,1 32,488 .. Trans pt Truck Bonneville- 50,157 
132 0.406 0.564 

3.2:1 0.20 
664 1 . 324 1.804 

1973 Low L.Goose Dam Control L.Goose Da,1 42 ,461 
II Transpt Truck Bonneville- 63,452 

61 0.144 0.201 13.5:1 0.05 1,225 1.930 2. 703 

1975 Avg. L.Cranite Dam Control L.Granite 2?m 46,823 
II Transpt Truck Bonneville- 60,475 

200 0 .427 o. 773 3.2:1 o. 77 826 1.366 2.472 

1976 High L.Granite Dam Control V. trk . Clarkston, Wa. 33,905 
ti Transpt Trk.in Bonneville 69,145 (Final results expected at end of 1979) 

SW 
II Transpt Trk . in Bonneville 54,696 

fw 

L.Goose Dam Control V.trk, Central Ferry 29,414 
" Trans pt Trk.in Bonneville 53 ,874 (Final results expected at end of 1979) 

SW 
II Transpt Trk.in Bonneville 4 3, 287 

fw 
1977 Law L.Granite Dam Control V.trk. Clarkston, Wa 33,152 

II Transpt Trk in Dalton Point 40,899 (Final results expected at end of 1980) 
SW 

II Trans pt Trk in Bonneville 42, 777 
SW 

II _ Tr!ns.et !arae Bonneville JQ,3~0 -
Dworshak H. Transpt Barge Bonneville 17,178 (Final results expcted at end of 1980) 
Leavenworth H. _Tr~nsft !arae Bonneville 4~,4~5 - - - - -
L.Goose Dam Control L.Goose Dam 22,204 

II Transpt Trk in Bonneville 22,916 (Final results expected at end of 1980) 
SW 

" Transpt Trk in Bonneville 24. 272 
fw 

1!178 A~. L.Qranite Dam Control L.Granite Dam 12,567 

High 
,. 

Control V.trk l;la rkS ton, t:n. ·O l'J:? 
II Trans pt Truck Bonneville 4 7. 899 (Final results expected at ~ml "f 1981) 
II _Tr!OSft !aq~e Beacon Rock 4~,1zo - - - -

L.Goose Dam Control L.Goose Dam 30, 364 
II Transp Trk in Bonneville 32, 731 (Final results expected at end of 1981) 

SW .. Trans pt Trk in Bonneville 36,878 
fw 

Data source: 1971, 19 72, end 1973 e>tperiments (Ebel et al.. 1974) ; 1975 (Park et al. 1976); 197 6 (Park et al. 197 7); 
1977 (Park et al. 1978): 1978 (Park et al. 1979). 

1/ Low• 35,000 to 60,000 c fs; Average• 70,000 to 100,000 ~fs; High• 110,000 to 190,000 cfs. 
}.! 1be two release groups of transported fish (Dalton Point and below Bonneville releases are combined for purpose 

of evaluation . 
3/ Adjusted for initial cag loss except for 1978 releases . 
'f.I Based on comparison of known recovery of fish with magnetized wire tags at Little Goose and Lower Granite Dams 

and the subsequent recovery of these and other marked fish at Dworshak National Hatchery upstream from Little 
Goose. Returning fish identified at the dams were marked vith jaw tags and released to continue their migration 
upstream. Numbers of externally-tagged fish arriving at !Norshak Hatchery vere compared with the recoverv of 
other wire tagged fish arriving at Dworshak Hatchery not previously detected and identified at Little Goose 
and Lower Granite Dams. 
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